Construction and immobilization of petroleum-degrading consortium by 郭倩
  
 
学校编码：10384                           分类号          密级              
学号：21720091152126                                       UDC             
 
 
硕 士 学 位 论 文 
 
石油降解菌群的构建及其固定化研究初探 
Construction and immobilization of petroleum-degrading 
consortium   
 
郭倩 
 
                指导教师姓名：田蕴 副教授 
专 业 名  称： 微 生 物 学 
论文提交日期：2012 年 5 月 
论文答辩日期：2012 年 6 月 
学位授予日期： 
                       
答辩委员会主席：           
评    阅    人：             
 
2012 年 5 月 
  
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
厦门大学学位论文原创性声明 
 
本人呈交的学位论文是本人在导师指导下,独立完成的研究成果。
本人在论文写作中参考其他个人或集体已经发表的研究成果，均在文
中以适当方式明确标明，并符合法律规范和《厦门大学研究生学术活
动规范（试行）》。 
另外，该学位论文为（                        ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的
资助，在（               ）实验室完成。（请在以上括号内填写课
题或课题组负责人或实验室名称，未有此项声明内容的，可以不作特
别声明。） 
 
声明人（签名）：  
         年   月   日 
 
 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
厦门大学学位论文著作权使用声明 
 
本人同意厦门大学根据《中华人民共和国学位条例暂行实施办法》
等规定保留和使用此学位论文，并向主管部门或其指定机构送交学位
论文（包括纸质版和电子版），允许学位论文进入厦门大学图书馆及
其数据库被查阅、借阅。本人同意厦门大学将学位论文加入全国博士、
硕士学位论文共建单位数据库进行检索，将学位论文的标题和摘要汇
编出版，采用影印、缩印或者其它方式合理复制学位论文。 
本学位论文属于： 
（    ）1.经厦门大学保密委员会审查核定的保密学位论文，于 
220133 年 62 月 5 日解密，解密后适用上述授权。 
（     ）2.不保密，适用上述授权。 
（请在以上相应括号内打“√”或填上相应内容。保密学位论文应
是已经厦门大学保密委员会审定过的学位论文，未经厦门大学保密委
员会审定的学位论文均为公开学位论文。此声明栏不填写的，默认为
公开学位论文，均适用上述授权。） 
 
 
                             声明人（签名）：  
年  月   日 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 目录 
I 
 
目录 
摘要 ················································································ 1 
Abstract ······································································································ 3 
第一章 前言 ······························································································ 6 
1、海洋石油污染的现状、危害及防治方法 ········································ 6 
1.1 海洋石油污染的来源、现状与危害 ········································ 6 
1.2 海洋石油污染的防治方法 ····················································· 9 
2、海洋石油污染的生物修复技术 ··················································· 11 
2.1 生物修复技术 ··································································· 11 
2.2 生物修复技术在海洋石油污染治理中的应用 ··························· 13 
2.3 海洋石油污染生物修复的技术瓶颈 ······································· 14 
3、微生物群落对海洋石油污染的响应 ············································· 15 
3.1 海洋石油污染环境中的微生物群落结构与功能 ························ 15 
3.2 石油降解菌的主要类群 ······················································· 16 
3.3 微生物在海洋石油污染治理中的应用 ···································· 17 
4、微生物固定化技术 ··································································· 18 
4.1 固定化技术的现状 ····························································· 18 
4.2 常用的固定化载体材料 ······················································· 19 
4.3 固定化的主要方法 ····························································· 20 
4.4 固定化技术在海洋石油污染治理中的应用 ······························ 21 
5、本论文的研究内容及意义 ························································· 23 
第二章 材料与方法 ················································································25 
1、材料 ····················································································· 25 
1.1 菌种 ··············································································· 25 
1.2 培养基 ············································································ 26 
1.3 主要试剂和材料 ································································ 27 
1.4 PCR 引物 ········································································· 28 
1.5 主要溶液配制 ··································································· 28 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 目录 
II 
 
1.6 主要分析软件 ··································································· 30 
1.7 主要仪器 ········································································· 30 
2、基本方法 ··············································································· 31 
2.1 石油降解菌的降解能力测定及其优化组合 ······························ 31 
2.2 土著石油降解菌群的获得与分析 ·········································· 37 
2.3  石油降解菌的固定化参数优化 ············································ 38 
第三章 结果与分析 ················································································45 
1、石油降解菌的分离与鉴定 ························································· 45 
2、石油降解菌的降解特性研究 ······················································ 48 
2.1 石油降解菌降解能力的测定················································· 48 
2.2 土著石油降解菌群降解特性的研究 ······································· 51 
2.3 石油烃类降解菌群的构建及其对石油的降解 ··························· 54 
3、石油降解菌的固定化研究 ························································· 62 
3.1 细菌计数方法比较 ····························································· 62 
3.2 固定化菌量随时间的变化曲线 ············································· 63 
3.3 不同因子对固定化效果的影响 ············································· 64 
3.4 扫描电镜观察 PUF 固定化细菌的形态 ··································· 67 
3.5 PUF 对细菌的毒性研究 ······················································· 69 
3.6 PUF 对石油的吸附能力考察 ················································· 70 
3.7 PUF 对石油降解菌群的固定 ················································· 73 
3.8 PUF 对石油降解菌群的偏适性 ·············································· 75 
3.9 PUF 固定化细菌对石油降解能力的测定 ·································· 76 
第四章 讨论 ···································································· 78 
1、海洋石油污染微生物的菌种资源挖掘 ·········································· 78 
2、人工石油降解菌群对石油的降解 ················································ 79 
3、固定化技术在海洋石油污染生物修复中的应用 ······························ 80 
第五章 结论与展望 ··························································· 83 
1、结论 ····················································································· 83 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 目录 
III 
 
2、本研究创新点 ········································································· 84 
3、展望 ····················································································· 84 
参考文献 ········································································ 86 
附录 ·············································································· 91 
致谢 ·············································································· 93 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 Contents 
IV 
 
Contents 
Chinese abstract ························································································ 1 
English abstract ························································································· 3 
Chapter 1 Introduction ············································································· 6 
1 Present status,harm and treatment of marine oil pollution ···················· 6 
1.1 Origin,present status and harm of marine oil pollution ····················· 6 
1.2 Removal of marine oil pollution ················································ 9 
2 Bioremediation of marine oil pollution ············································ 11 
2.1 Bioremediation technique ······················································ 11 
2.2 The application of bioremediation technique in the marine oil pollution 13 
2.3 The challenge of bioremediation technique ·································· 14 
3 The response of microbial community to the marine oil pollution ·········· 15 
3.1 Strucure and function of microbial community in the oil-polluted 
environment ··········································································· 15 
3.2 Oil-degrading microorganisms ················································ 16 
3.3 The application of microbes to the removal of marine oilpollution ······ 17 
4 Immobilization of microbes ·························································· 18 
4.1 Present status of immobilization technique ·································· 18 
4.2 The common material for immobilization ··································· 19 
4.3 The primary immobilized methods ············································ 20 
4.4 The application of immobilization in the treatment of marine oil pollution
 ·························································································· 21 
5 Significance of this study ····························································· 23 
Chapter 2 Materials and methods ········································· 25 
1 Materials ················································································· 25 
1.1 Bacterial strains ·································································· 25 
1.2 Culture media ···································································· 26 
1.3 Reagents and materials·························································· 27 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 Contents 
V 
 
1.4 PCR primers ······································································ 28 
1.5 Reagents preparation ···························································· 28 
1.6 Processing softwares ···························································· 30 
1.7 Instruments ······································································· 30 
2 Methods ·················································································· 31 
2.1 Evaluation of the degradation ability of oil-degrading bacteria and 
construction of oil-degrading consortia ··········································· 31 
2.2 Obtain and analysis of indigenous oil-degrading consortia ··············· 37 
2.3 Optimization of immobilization condition of oil-degrading bacteria ···· 38 
Chapter 3 Results and analysis ············································· 45 
1 Isolation and identification of oil-degrading bacteria ·························· 45 
2 Degradation properties of oil-degrading bacteria and consortium ········· 48 
2.1 Degradation ability of oil-degrading bacteria ······························· 48 
2.2 Degradation ability of indigenous oil-degrading consortium ············· 51 
2.3 Construction of oil-degrading consortium and detection of degradation 
ability of constructed consortium ·················································· 54 
3 Immobilization of oil-degrading bacteria and consortium ···················· 62 
3.1 Comparison of different counting methods on the immobilized bacteria 62 
3.2 Immobilization of oil-degrading bacteria onto PUF ························ 63 
3.3 The effect of different factors on the immobilization ······················ 64 
3.4 Observation of immobilized bacteria on PUF with SEM ·················· 67 
3.5 Measurement of toxicity of PUF ·············································· 69 
3.6 Evaluation of oil adsorption ability of PUF ·································· 70 
3.7 Immobilization of oil-degrading consortium ································ 73 
3.8 Adsorption of oil-degrading bacteria onto PUF ····························· 75 
3.9 Evaluation of degradation ability of immobilized oil-degrading consortia 
 ·························································································· 76 
Chapter 4 Discussion ························································· 78 
1 Isolation of microbe resources for removal of marine oil pollution ········· 78 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 Contents 
VI 
 
2 The degradation of hydrocarbon by constructed oil-degrading consortia 79 
3 The application of immobilization technique in the bioremediation of 
marine pollution ·········································································· 80 
Chapter 5 Conclusions and future directions ···························· 83 
1 Conclusions ·············································································· 83 
2 Innovative points ······································································· 84 
3 Future directions ······································································· 84 
References ······································································ 86 
Appendix ········································································ 91 
Acknowlegements ····························································· 93 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘 要 
1 
摘 要 
近年来，随着海洋资源的开发和利用，海洋受到了严重的污染，其中石油污
染尤为突出。海上石油及其产品污染是最重要的生态学灾难性污染之一，海洋石
油开采和管道化以及商船运输都是潜在的流动污染源。以微生物为主体的生物修
复技术以其投入小、无二次污染的优势被视为最有前途的治理手段。但低水温、
寡营养以及海水的冲刷等因素都会直接影响微生物降解石油的效率，加之石油组
分的复杂性，使得海洋石油污染的生物修复技术较之其他的生物修复技术更为复
杂。本研究针对海洋石油污染治理技术研究领域的难点，开展了石油降解菌的定
向驯化、石油降解菌群的构建与优化以及石油降解菌（群）的固定化研究，为成
功地运用生物修复技术治理海洋石油污染提供有力的技术支撑。主要研究结果如
下： 
1、从红树林湿地沉积物中，采用转接和非转接方法，在无柴油污染下、2%（V/V）
柴油浓度下和 5%（V/V）柴油浓度下驯化得到了 6 组土著石油降解菌群，采
用气相色谱—质谱联用技术（Gas chromatograph-mass spectrometer，GC/MS）
测定了 6 组土著石油降解菌群对柴油的降解率。结果显示，源于转接组的菌
群对柴油的降解率为 19% ~ 32%，源于非转接组的菌群对柴油的降解率为 24% 
~ 54%。以 2%柴油浓度驯化得到的菌群对柴油的降解效果最好，降解率分别
为 32%和 54%。 
2、从红树林湿地沉积物中分离得到 11 株石油降解菌，GC/MS 测定了各菌株对
柴油的降解能力，结果表明：11 株单菌对柴油均有一定的降解能力，两周后
降解率为 13% ~ 44%。根据 11 株单菌的降解能力和降解谱构建了 5 组石油降
解菌群，并测定了菌群在柴油为唯一碳源培养十周后对柴油的降解能力。结
果表明，经过十周的培养，降解菌群对柴油的降解率达 64% ~ 73%。降解主
要发生在培养的前两周，其降解率占总降解率的 71%。 
3、通过单因素实验探讨了影响降解菌群对柴油降解能力的因素。结果显示，初
始 pH、培养温度和初始柴油浓度能够明显影响石油降解菌群的降解能力，而
初始盐度、摇床转速和初始接种量对石油的降解能力影响不大。结果表明在
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2 
以下条件下对石油的降解率最高达 71.8%：初始 pH 为 7，培养温度为 28 ℃，
初始石油浓度为 1%（V/V）。 
4、以聚氨酯泡沫（Polyurethane foam，PUF）为载体材料对石油降解菌（群）进
行固定化培养。采用平板计数法、荧光计数法和扫描电镜（Scanning electron 
microscope，SEM）评价 PUF 对降解单菌和菌群的固定化效果。结果显示 PUF
在 2 h 时对石油降解菌有较大的固定化密度（2.4×1010  cells/g），3.5 h 时达到
平衡（0.8×1010  cells/g）。生物毒性测试表明 PUF 是一种安全无毒的固定化载
体材料。PUF 对石油的吸附效果表明 PUF 吸油速度很快，8h 后每克泡沫可
吸附 0.2 g 原油，且吸附效果稳定，保持在 0.15g ~ 0.25g 之间。固定化菌群对
柴油的最大降解率较之游离菌群提高了 7%。上述结果表明 PUF 是一种理想
的固定化载体材料，在海上石油污染的生物修复中具有良好的应用潜力。 
关键词：石油降解菌；微生物群落；生物修复；PUF；固定化
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Abstract 
Petroleum is a widespread organic pollutant in marine environments. Crude oil 
extraction, refining,  natural seepage from reservoirs, unregulated disposal by end 
users, fresh water and terrestrial run-off are all constant sources of marine oil 
pollution. Biodegradation is one of the most important processes involved in the 
natural attenuation and eventual removal of petroleum from the environment, 
particularly for the non-volatile components of petroleum. Bioremediation technique 
is regarded as the most effective way due to its low cost and no secondary pollution. 
However, most of marine environmental conditions, such as low water tempareture, 
low concentration of inorganic nutrients, the dilution of applied oil-degrading 
microorganisms and inorganic nutrients in open-water system, are not favorable for 
bioremediation. To overcome these difficulties, the present study therefore was 
performed to: enrich oil-degrading bacterial consortia from mangrove sediment, 
isolate predominant strains from the consortia; construct bacterial defined mixed 
cultures (DMCs) and preliminarily evaluate their oil degrading abilities; and develop 
the immobilization technique of the bacteria (consortium). The main results were as 
follows: 
1. 6 indigenous oil-degrading consortia were obtained from mangrove sediments 
under the pressure of different concentrations of the diesel oil by using both a four 
weeks’ non-transfer and transfer enrichment systems, and the degradation rate of 
diesel oil were detected using Gas chromatography and mass spectrometry 
technique （GC/MS）. The results showed that the degradation ability of consortia 
was very different,  the degradation rate of diesel oil raged from 19% to 32% by 
consortia isolated from non-transfer group, while 24% to 54% diesel oil was 
degraded by consortia isolated from transfer group. The maximum degradation 
rate was found in the consortia obtained with the pressure of 2% diesel oil with 
the degradation rate of 32%( consortia from transfer group) and 54%( consortia 
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from non-transfer group). 
2. The petroleum degradation ability of 11 oil-degrading bacteria isolated from 
mangrove sediments were tested by GC/MS, and five oil-degrading consortia 
were constructed based on the results of GC/MS. The petroleum degradation rates 
by these five consortia were detected by GC/MS within 10 weeks. Results showed 
that petroleum degradation rate by oil-degrading bacteria after two weeks were 
from 13% to 44%, while 64% to 73% petroleum were degraded by oil-degrading 
consortia after ten weeks. Results also showed that the degradation of petroleum 
was mainly occurred in the first two weeks, which account for 71% of total 
degradation rate. 
3. The effects of different factors on the degradation rate were investigated by single 
factor experiment. Results showed that initial pH, culture temperature, and initial 
oil concentrations have important effect in the degradation rate, while initial 
salinities, rotation speeds and initial inoculum concentrations have little influences. 
So the optimal degradation conditions were: culture temperature 28 ℃, initial pH 
7 and initial oil concentration 1%. 
4. The immobilization of the oil-degrading bacteria and consortia on the 
polyurethane foam was examined by plate-counting method, fluorescence 
microscopic counting method and scanning electron microscopy (SEM) method. 
The results showed that PUF has a high adsorption density to oil-degrading 
bacteria and consortia with 10
10
 cells/g PUF. It has a maximum adsorption number 
of 2.4×10
10
 cells/g PUF after 2 hours, and reaches a balance after 3.5 hours with 
the adsorption number of 0.8×10
10
 cells/g PUF. The toxicity of PUF to the bacteria 
was examined by microtox method. It showed that PUF has a toxicity of nearly 
zero by the toxicity test, which indicated that it is of non-toxic to immobilized 
bacteria. The adsorption ability of diesel oil of the PUF was examined by GC/MS. 
The result showed that it can absorb 0.2 g crude oil per gram after 8 hours, and 
this result maintained between 0.15 g ~ 0.25 g per gram at the following hours. 
And the maximum degradation rate by the immobilized oil-degrading consortium 
was 63%, which was 7% higher than that of free consortium. 
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Key words: Oil-degrading bacteria; Microbial consortium; Bioremediation; PUF; 
Immobilization
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第一章 前言 
海洋是生命的摇篮，它占据地球表面积的 71%，孕育了地球上的原始生命，
为人们提供了丰富的生产、生活资源和空间资源，是人类社会发展的重要支撑。
它既是一个天然宝库，也是人类最经济的运输环境，海洋运输成本低，仅为铁路
运输的 40% ~ 50%，海洋运输逐渐成为世界各国人民经济、文化交流、彼此联系
的主要手段[1]。在全球经济迅速发展和人口激增的情况下，海洋对人类实现可持
续发展的作用更加重要。但随着海洋资源的开发和使用，海洋也受到了严重的污
染，其中石油污染尤为突出。如何应对越来越多的海洋溢油事件，如何对进入海
洋的石油及石油制品所造成的污染进行治理，已经成为生物学、海洋学和环境科
学等领域面临的亟需解决的重大生态环境问题。 
1、海洋石油污染的现状、危害及防治方法 
1.1 海洋石油污染的来源、现状与危害 
海洋石油污染的来源按石油输入类型，可分为突发性输入和慢性长期输入。
突发性输入包括油轮事故和海上石油开采的泄漏与井喷事故，而慢性长期输入则
包括港口和船舶作业的含油污水排放、天然海底渗漏、含油沉积岩遭侵蚀后渗出、
工业民用废水排放、含油废气沉降等[2]。海洋石油污染的主要来源有以下四种方
式。①海上油运。石油和炼制油在海上油运过程中主要通过压舱水、洗舱水、油
轮事故、油码头的跑、冒、滴、漏以及油船和其它船舶正常操作的油漏等途径排
入海中。②海上油田。海底石油勘探和生产过程中油井井喷、油管破裂和钻井过
程中所产生的含油泥浆等可以造成的海洋石油污染。③海岸排油。陆岸的贮油库、
炼油厂将未经处理的含油污水排入海中，从而造成海洋的污染。④大气石油烃的
沉降。工厂、船坞、车辆排出的石油烃进入大气，一部分被光氧化，一部分又沉
降到地球表面，其中有些落入海洋中[3]。 
据统计，全球每天的原油生产量是七千万桶，大约这其中的 50%会通过海洋
运输[4]。每年通过各种渠道泄入海洋的石油和石油产品，约占全世界石油总产量
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的 0.5%，倾注到海洋的石油量达 200 万吨 ～ 1000 万吨，由于航运而排入海洋
的石油污染物达 160 万吨 ～ 200 万吨，其中 1/3 左右是油轮在海上发生事故导
致石油泄漏造成的。我国海上各种溢油事故每年约发生 500 起，沿海地区海水含
油量已超过国家规定的海水水质标准的 2 倍 ~ 8 倍[5]。海洋石油污染十分严重，
海洋主航道和海洋油田是石油污染物最为集中的地方，大西洋及其所属海域、日
本海、东海、南海、渤海是油船必经之地和石油产地，所以海面上也常被石油薄
膜或团块充斥[6]。 
回望二十一世纪，短短的十几年来，重大海洋石油污染事故屡屡发生，且有
频次增加的趋势。2005 年 7 月上海国际海事论坛的一份报告显示，1973 年至 2003
年，我国沿海共发生船舶溢油事故 2353 次，平均 3.5 天发生一起，溢油量在 50
吨以上的重大溢油事故发生 62 起，总溢油量达 34189 吨。2004 年 12 月 7 日，
两艘外籍船在珠江口海域发生碰撞，导致 1200 多吨的燃油泄漏；2005 年 4 月 3
日，载运 119574 吨原油的葡萄牙籍“阿堤哥”油轮在大连海域触礁，造成附近海
域受到严重污染[7]。2010 年 7 月 16 日，我国大连新港附近一条输油管道起火爆
炸，造成附近海域至少 50 平方千米的海面被原油污染[7]。最为严重的一次当属
墨西哥湾原油泄漏事件。2010 年 4 月 20 日，美国路易斯安那州近海的一座钻井
平台发生爆炸并引发大火，平台随后沉入墨西哥湾，其底部油井漏油不止，造成
大面积原油污染。这场持续性石油泄漏，初步估计有 4 亿多升石油漏入海中。墨
西哥湾漏油事故发生后，漏油事故附近大范围的水质受到污染，不少鱼类，鸟类，
海洋生物已至植物都受到严重的影响，如患病及死亡等。有官员指，至今墨西哥
湾沿岸有超过 300 只海鸟因为油污死亡[7, 8]。美国政府在当年 11 月份的调查报告
指出有 6104 只鸟类，609 只海龟，100 只海豚在内的哺乳动物死亡，所有因深海
漏油而死亡的数据断定尚待时日。奥巴马称，漏油事件明显将造成显著且持续的
经济损失。英国石油公司表示，石油泄漏带来的损失已达到 12.5 亿美元。 
海洋石油污染能够给海洋生态、海洋生物、食物链以及人类社会等造成严重
的危害，这些危害详细表现在以下方面： 
首先，不透明的油膜降低了光的通透性，使受污染海域藻类的光合作用受到
严重影响，其结果一方面使海洋产氧量减少（据估计，海洋藻类光合作用所放出
的氧气占全球产氧量的 1/4）。另一方面，藻类生长不良也影响和制约了海洋动物
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